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Abstract 
Chitosan is a valuable marine biopolymer and it possesses excellent biodegradability, 
biocompatible and a non-toxic material which results in unique applications in many industries. 
Chitosan is a biomaterial which is derived from chitin extracted from the prawn shells. This 
study is conducted by recovering a chitosan from prawn shells, that are abundant in fisheries 
production in Malaysia. The objective of this study is to extract the chitosan from prawn shells 
and testing its ability as antioxidant and antimicrobial agent. The extracted chitosan from prawn 
shells were characterized via FTIR and SEM. Some physicochemical properties of the chitosan 
was to check the quality of the extracted chitosan produced. The results of the extracted 
chitosan were 52% DDA, 2.43% yield, 2.66% moisture content, 100% solubility, 118.41 % 
WBC and 117.60% FBC. The extracted chitosan was further analysed via antioxidant and 
antimicrobial assays. The chitosan was found to demonstrate its antioxidant activity against 
DPPH. Moreover, the chitosan also was demonstrated antimicrobial effects against S. aureus 
and E. coli by disk diffusion method whereby the inhibition zone is appeared on the agar plates. 
Thus, the results for both antioxidant and antimicrobial testing indicated the chitosan from the 
prawn shells was found to be in a good quality and compatible with a broad range of unique 
applications in many industries. 
Abstrak 
Chitosan adalah sejenis marin biopolymer yang bernilai dan ia mempunyai cm-cm 
biodegradasi, biokompatibel dan merupakan bahan tidak toksik. Chitosan merupakan 
biomaterial dimana chitosan merupakan derivatif daripada chitin melalui proses pengekstrakan 
daripada kulit udang. Kajian ini dijalankan dengan menggunakan chitosan daripada kulit udang 
dimana kulit undang mudah didapati dalam kuantiti yang banyak dalam industri perikanan di 
Malaysia. Tujuan kajian ini dilakukan untuk pengekstrakan chitosan daripada kulit undang, 
mencirikan chitosan dengan menggunakan FTIR dan SEM serta uji kaji fizikokimia dan 
analisis chitosan sebagai anti-bakteria dan anti-oksidasi agen untuk menentukan peratus 
kebekersanan penghasilan chitosan. Dalam kajian ini, chitosan yang dihasilkan menunjukkan 
52% DDA, 2.43% hasil, 2.66% konten lembab, 100% larut, 118.41 % WBC dan 117.60% FBC. 
Chitosan juga dianalisis dalam uji kaji anti-bakteria dan uji kaji anti-oksida. Konklusinya, 
keputusan daripada uji kaji anti-oksida dan anti-bakteria menunjukkan chitosan daripada kulit 
udang adalah berkualiti dan ciri-cirinya adalah bersesuaian dengan pelbagai unik aplikasi 
dalam kebanyakan industri. 
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1.1 Research Background 
Chitosan is a derivatives of chitin which is rich in crustacean wastes such as prawn 
shells and it is converted by deacetylation process. Therefore, prawn is chosen for this study 
because it is one of the valuable species in commercial fishing industry and its crustacean 
possess chitins (20-30%), calcium carbonate (30-50%) and proteins (30-40%) that responsible 
to maintain rigid structure of exoskeleton, keeping the inner soft tissues from injury, acts as 
defensive against predators and aiding survival for them (Kumar & Tripathi, 2004). After all 
the extraction processes, the shells are free. from impurities such as heavy metal and it is 
become a safe material. The extraction of chitosan from prawn shell wastes involved three 
steps of chemical methods that also known as traditional method which is deproteinization, 
demineralization and deacetylation process. The reagents involved such as NaOH, KOH and 
HCl are strong reagents which are toxic, corrosive and or degradative. Thus, researchers have 
to wear gloves and goggles for safety purposes to avoid any incidents that might occur. 
Researchers are believe that chitosan act as one of the substance to be further used in other 
applications in order to produce more valuable products. Moreover, chitosan have high 
economic value due to their biological activities and agrochemical applications. Furthermore, 
chitosan is a sugar that obtained from exoskeleton of marine organisms that have 
biodegradability, biocompatibility and non-toxic properties. However, there are studies stated 
that researchers are facing many challenges to accomplish a good quality of chitosan by 
controlling several factors such as degree of deacetylation, solubility in weak acid, and its 
moisture content (Szymanska & Winnicka, 2015). The most important parameter is degree of 
deacetylation (DDA). DDA determines the significant differences between chitin and chitosan. 
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The absorbance peaks are produced by using a Fourier Transform Infrared (FTIR) 
spectrophotometer and the DDA is calculated. Then, the pure chitosan produced will undergo 
an antimicrobial and an antioxidant testing which can be further used in the food and 
pharmaceutical industries. 
The starting material to extract chitosan is the prawn shells. However, prawn and 
shrimps have a lot in common. There both have crustaceans with 10 legs and exoskeleton as 
well as their outer appearances. However, both are two different species where are the prawn 
is belong to sub order Dendrobranchian while shrimp is belong to sub order Pleocyemata. Both 
can be differentiate based on their anatomies obviously where are the prawns have claws on 
three of its five pairs of legs while the shrimps have claws on two of its five pairs of legs. 
According to Arif (2012), Malaysia is the highest sea food consumers in the south-east Asian 
region in term of per capita intake and hence also produces high amount of seafood wastes. 
The studies shown the increases number of Malaysian capture fisheries production for shrimps 
and prawns from 2001 to 2010 which are 77.47 thousand tons and 115.98 thousand tons 
respectively. The higher the number of sea foods consumers, the higher the number of shell 
waste production. The increase number of shell waste production from prawns from year to 
year leads to environmental problems in Malaysia. Although these wastes are biodegradable 
but the rate of degradation will be higher compared to the rate of processing operations for 
waste. This results in accumulation of wastes over time and lead to obnoxious smell as well as 
these wastes will attract pathogenic insects, flies and rodents, thus creating an unhygienic 
environment (Abhrajyoti & Gargi, 2013). Thus, researchers have found out that the ability of 
the chitin content in crustacean shell wastes to produce more valuable product in industries. 
Therefore, the aim of this study is to extract, characterize the chitosan produced from the prawn 
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Chitin Chitosan 
Figure 1: The chemical structure between chitin and chitosan (Younes & Rinaudo, 2015) 
1.2 Problem Statement 
The prawn shells are waste material to be end up in a trash because people are taken 
the flesh only for cook and the prawn shells are cannot be eaten. The shell wastes lead to major 
surface pollution because the wastes were dumped in landfills, soil dumping, and discarded in 
sea water. Researchers found that chitin in the exoskeleton of marine organisms such as prawn 
shells brings useful in food industries and pharmaceutical industries. Thus, the study is 
conducted to extract the chitin in the prawn shells in order to add the potential value for these 
wastes materials in order to form more versatile material such as chitosan. Moreover, the shells 
have no value and abundant. Therefore, the chitosan can be extracted from chitin of the prawn 
shells and it is more useful because chitosan have a wide range of unique applications in many 
industries. The pure chitosan is obtained through deproteinization, demineralization and 




1. To extract the chitosan from Penaeus monodon (tiger prawn). 
2. To characterize the extracted chitosan using Fourier Transform Infrared Spectroscopy 
(FTIR) and Scanning Electron Microscope (SEM). 
3. To determine the degree of deacetylation, percentage yield, moisture content, solubility, 
water binding capacity and fat binding capacity of the extracted chitosan. 





Chitin is one of the natural complex polysaccharide after cellulose with chemical 
structure of linear p (I ➔4)-linked N acetyl glucosamine monomers. The difference between 
chitin and cellulose is the presence of acetamide group at carbon 2 position. Chitin is also 
mainly present in allomorphs which is a-chitin that is most abundant found in the exoskeleton 
of crustaceans particularly in shrimps, lobsters and crabs. a-chitin is an anti-parallel in 
configurations, more ordered, crystalline and stable in nature. Also, it is only found in rigid or 
hard intractable insoluble skeleton. Others are [B and y forms but there are less vital and little 
observed in nature such as mushrooms. However, chitin is deacetylate by chitin deacetylases 
to form chitosan. The degree of deacetylation is varies from 50%-90% (Flornica & Newati, 
2016). 
Chitosan is consist of 3-(1-4-2- acetamido-2-deoxy-D-glucose) units and it is well 
known as versatile natural polymer that already being converted from chitin. It is attributes to 
variety of properties such as physicochemical and biological properties. The physicochemical 
properties are yield, moisture content, solubility, water binding capacity and fat binding 
capacity. Example for biological properties such as anti-microbial, anti-oxidant and anti- 
inflammatory properties. It is linear and possess a free amino acid group which consists of 
glucosamine and N-acetylglucosamine. Chitosan possesses three types of reactive functional 
groups: an amino group at the C2 position, primary and secondary hydroxyl group, OH at C3 
and C6 positions at each deacetylation unit. The properties of chitosan are non-toxic, 
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biocompatible, odourless, basic pH in solutions, enzymatically biodegradable and insoluble in 
water but soluble in weak acid such as acetic acid and formic acid (Suneeta et al., 2016). The 
chitosan can be obtained from chitin by traditional method ( chemical method) including 
deproteinization, demineralization and deacetylation process (Flomica & Newati, 2016). 
2.1.1 Deproteinization of prawn shells. 
This process involves the treatment of the prawn shells with low concentrations 
of alkaline solutions such as 3% (w/v) NaOH or 3% (w/v) KOH. Moreover, the 
deproteinization process also can be conducted by biological method such as purified 
enzyme. Both methods are advanced that results in production of oligomers with an 
optimum degree of polymerization and does not denature the chitin produced. This 
treatment is act as weaken the primary structure of shells in order to preserve the chitin 
structure (Kumar & Ravi, 2017). 
2.1.2 Demineralization of prawn shells. 
This process involves the treatment of the chitin with low concentration of acidic 
solution such as 3% (w/v) HCl. The purpose of this treatment is to remove the excess of 
minerals content such as calcium in the sample. The acid is put slowly to avoid the 
frothing due to the formation of carbon dioxide (CO>) gas. Thus, the bubble gas is formed 
during the reaction. The chemical reactions involved is shown below; 
Ca€CO; + 2HCI> Ca©Cl± + H±O + CO; 
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2.1.3 Deacetylation of chitosan 
This process involves the treatment of raw chitin with high concentrated NaOH 
solutions ranging from 40%-60% (w/v). The purpose of this treatment is to remove as 
many as possible the acetyl group from chitin polymer to obtain chitosan. Moreover, it 
results in production of oligomers and with an optimum degree of polymerization (Kumar 
& Ravi, 2017). This step is aim to produce creamy white solid of extracted chitosan. 
Chitosan have wide ranges of unique applications and several functions in food 
industries and pharmaceutical industries such as medicines, medical applications and 
preservation of foods from microbial deterioration (Sarbon et al., 2015). In pharmaceutical 
industries, chitosan is used to improve the quality of the dissolved drugs and mask the bitter 
taste when the solutions is taken into the mouth. In medical applications, chitosan is applied 
directly to the places where the tissues being taken out in order to help the new tissues to rebuild 
itself known as tissue grafting. Moreover, chitosan is used to treat obesity and reduce the 
cholesterol level, complications in the kidney failure, insufficient blood level (anaemia), loss 
of strength and appetite and insomnia. Also, chitosan is used to treat inflammation (WebMD, 
2018). 
2.2 Characterization of chitosan by using Fourier Transform Infrared (FTIR) and 
Scanning Electron Microscope (SEM) 
The chitosan sample is characterized by using FTIR spectrophotometer. There are 
two methods involved in FTIR analysis which is ATR and KBr method. The main function of 
FTIR is to determine the biomolecules that bound specifically on the chitosan sample and 
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identify the functional group presence in the sample (Anand et al., 2014). It is also produces 
spectra ranges from 400-4000cm' and shown the analyse spectrum such as transmittance 
versus wavelength of the sample or absorbance versus wavelength of the sample. Moreover, 
the FTIR is used to calculate the DDA of chitosan sample. This degree of deacetylation (DDA) 
is the calculation involved to indicate the good quality of chitosan produced because it 
determines the content of acetyl group in the polysaccharides. Moreover, The DD A will affects 
the physicochemical and biological properties of chitosan such as solubility, covalent linkage, 
and encapsulation (Puvvada et al., 2012). The DDA is influenced by the treatment of alkaline 
solution in deacetylation process. Furthermore, the DDA values also highly dependent on 
various factors such as type of method used, sample preparation, type of instrument used that 
results in the performance of chitosan in many applications. According to Hussain et al., 
(2013), the common range of DDA for chitosan is from 40%-60% and the range for commercial 
chitosan samples have average of 70%-90% DDAs. This study also reported that the 40% DDA 
is the lowest corresponding to chitosan which is stated in many literatures. 
SEM is one of the best known devices and widely used methods of the surface 
analytical techniques. This method is to confirm the porosity of the chitosan and to determine 
the size of the chitosan produced. The chitosan is characterized by using a highly-focused, 
scanning (primary) electron beam to enter the surface of chitosan and generate many low- 
energy secondary electrons. The results will produced are high resolution images of surface 
topography with an excellent depth of field (Suneeta et al., 2016). 
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2.3 Antioxidant screening of chitosan sample 
The antioxidants testing is the ability of the substances to eliminate the free radicals or 
prevent oxidation in the sample. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) is one of the best 
substances that undergo free radical-scavenging activity. Moreover, it has a stable free radical 
with a maximum absorbance at 517nm. When the DPPH is encountered with the chitosan that 
act as antioxidant, the radical would be scavenged due to the action of nitrogen presents on the 
C2 position of the chitosan to form a stable molecules. Thus, the absorbance is reduced and it 
is recorded by using a UV-visible spectrophotometer. The importance of the antioxidant 
properties are the positive effect in defences on oxidative damage and diseases in human health. 
This is because human is exposed with many free radicals from both inside and outside that 
can attack macromolecules in human body such as DNA, proteins, lipids and leading to many 
health disorders such as cardiovascular, inflammatory, aging, cancer diseases, hypertensive and 
diabetes mellitus. Moreover, chitosan as antioxidant properties with an excellent inhibition of 
free radicals have been introduced its applications in industrial such as foods, biomedical, 
agriculture, biotechnology and pharmaceutical fields (Yen et al., 2008). In general, the natural 
antioxidants such as chitosan mainly constitutes a broad range of compound such as phenolic 
substances, nitrogen and carotenoids (Rajalakshmi et al., 2013). 
2.4 Antibacterial screening of chitosan sample 
Researchers have noted that chitosan have contains numerous properties m its 
specific proteins, peptides and secondary metabolites that make them valuable and attractive 
for a wide variety of health applications as antibacterial, antiviral and antifungal agent 
(Vongchan et al., 2003). Moreover, in recent years, there was a high demand for a more rational 
use of chemicals in food preparations. Thus, instead use of chemicals, there was shifting the 
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attention to natural substances such as chitosan that might function as preservatives in food 
preparations (Dina & Hans, 2009). The role of the protein content in prawn shells regulates the 
immunity of the prawn shells against the microbial infection. Chitosan has antimicrobial 
properties when dissolved in acidic solution such as acetic acid because chitosan has its poor 
solubility in solutions pH above 6 (No et al., 2002). There are variety of laboratory testing 
recommended by the Clinical and Laboratories Standard Institute (CLSI) in order to measure 
in vitro susceptibility antibacterial testing for the extract or pure chitosan (CLSI, 2009; CLSI, 
2009). Moreover, the most known method is disk diffusion method that have been widely used 
by many clinical microbiology laboratories. Disk diffusion method offers more advantages 
than other antimicrobial testing methods. This is because disk diffusion method is quite simple, 
low cost, ability to test enormous number of microbial and antimicrobial agents and easy to 
interpret the result (Balouiri et al., 2016). 
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